Peat mosses (Sphagnum) hold exceptional importance in the control of global carbon fluxes and climate because of the vast stores of carbon bound up in partially decomposed biomass (peat). This study tests the hypothesis that the early diversifi- 
including high-and low-latitude species, providing a natural laboratory to study genomic, physiological, and morphological adaptation associated with range evolution across climate zones.
Sphagnum is an emerging model for ecological and evolutionary genomics, empowered by its ecological significance and rapidly expanding genomic resources (Shaw, Schmutz, et al., 2016; Weston et al., 2015 Weston et al., , 2017 . Genus-wide genome sequencing currently underway by the Department of Energy's Joint Genome Institute (JGI) represents the first wild plant model specifically targeted to better understand genomic and phenotypic traits that impact carbon sequestration and global climate. The question of whether Sphagnum first diversified in cold climates and subsequently expanded into tropical biomes is critical to utilizing this genus for downstream inferences about adaptation to warming climates.
Sphagnum belongs to the class Sphagnopsida within the phylum Bryophyta (mosses). The class Sphagnopsida (peat mosses in the broad sense) include four genera :
Ambuchanania (1 species, endemic to Tasmania), Eosphagnum (1 species, South America), Flatbergium (2 species, New Caledonia to southern China), and Sphagnum (150-300 species, worldwide). Phylogenetic analyses show that Ambuchanania, Eosphagnum, and Flatbergium are not part of the Sphagnum clade and are strongly differentiated from Sphagnum . Organellar (mitochondrion, plastid) genome sequences resolve five major clades within Sphagnum, recognized as subgenera . The small subg. Rigida (3-4 species) is resolved as sister to the rest of Sphagnum. The subgenera Cuspidata and Subsecunda form a clade sister to subg. Sphagnum and Acutifolia. Almost all the species diversity within Sphagnum is in these last four subgenera, and it is these taxa that store vast amounts of carbon where they dominate peatlands.
Sphagnopsida comprises one of the earliest diverging lineages of mosses, which as a group originated prior to the origin of vascular plants during the Paleozoic Era (Chang & Graham, 2011; Cox, Li, Foster, Embley, & Civán, 2014; Wickett et al., 2014) . Microfossils (palynomorphs) such as spore dyads are well documented from the midPaleozoic Period (Strother, Al-Hajri, & Traverse, 1996) . These are generally interpreted as evidence for the existence of embryophyte land plants (i.e., "bryophytes" [mosses, liverworts, hornworts] and vascular plants). Although mosses in general have a relatively poor fossil record, the Sphagnopsida are represented by four genera in the Paleozoic (Permian) Protosphagnales (Maslova, Ignatiev, Mosseichik, & Ignatov, 2015; Maslova, Mosseichik, Ignatiev, Ivanov, & Ignatov, 2012; Neuburg, 1960) . Cardona-Correa et al. (2016) recently described a remarkably well-preserved fossil with the diagnostic morphological features of Sphagnopsida from the Ordovician Period in what would now be Wisconsin. It is not possible to assign this fossil to any one of the four genera in this class, but it does corroborate molecular phylogenetic inferences that peat mosses in the broad sense are an ancient group. Indeed, the Ordovician fossil Sphagnopsida now stands as the earliest macrofossil evidence of embryophyte land plants.
Sphagnum has a worldwide distribution and is represented on every continent other than Antarctica. The greatest abundance of Sphagnum peat mosses is unquestionably in the boreal zone, where they form extensive peatlands and many individual species have circumboreal ranges (McQueen & Andrus, 2007) . Nevertheless, the genus occurs in tropical biomes of Australasia, Africa, and South America, and the latter, in particular, appears to harbor high levels of species richness. All five major clades (subgenera) are represented in both boreal and tropical latitudes. Some low-latitude species occur in mountainous regions (e.g., the Andes) and are not therefore "tropical" in their ecology, but other species occur at low elevations as well (e.g., Amazonia). Although the genus is not diverse at high latitudes of the Southern Hemisphere, a limited number of Sphagnum species have circum-subantarctic ranges. Their relationships to boreal and tropical taxa are currently unclear.
The primary goal of this research was to test the hypothesis that Sphagnum, at the generic level, originated at high latitudes with subsequent range expansions into tropical latitudes and climates. In addition, we sought to reconstruct the ancestral ranges for each of the five major clades within Sphagnum. By explicitly modeling range evolution, we estimated the numbers and nature of range changes as the genus diversified, including within and between latitudinal zone range changes. We use these patterns to infer the relative frequencies of different mechanisms of range evolution; for example, range expansions and reductions (extinction). We also evaluated the phylogenetic and geographic distribution of polyploid species to assess if polyploidization is related to range evolution or ecological shifts because of increased ecological tolerances, as hypothesized in other plant groups (e.g., Kuo et al., 2016; Marchant, Soltis, & Soltis, 2016; Sessa, Testo, & Watkins, 2016) . We conducted new time-calibrated phylogenetic analyses utilizing five fossils to estimate divergence times among major clades and obtained estimates that are very widely divergent from previous inferences . We conclude that the absolute dating of major events in Sphagnum diversification will require a more robust molecular data set (and if possible, additional fossil calibrations); we present our new results briefly here and note that two alternative hypotheses need to be tested in the future. The major aim of this paper, to assess range evolution in the genus, does not require an absolute time scale.
| MATERIALS AND METHODS

| Taxon sampling
The full data set used for phylogenetic and biogeographic analyses had 228 taxa, including 187 Sphagnum species, five additional Sphagnopsida representing the genera Ambuchanania, Flatbergium, and Eosphagnum, and 36 outgroup taxa including a diversity of mosses and liverworts. Species delimitation in Sphagnum is a workin-progress, even for relatively well-known boreal species (compare, for example, Crum, 1984 with McQueen & Andrus, 2007 . The goal was to include as many species as possible, worldwide, for which we were able to obtain molecular data. Most northern species have broad ranges that span multiple continents but we included one SHAW ET AL.
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representative plant under the assumption that such species are monophyletic. This assumption may be violated in a few cases, but in general, even species with intercontinental ranges appear to conform to the monophyly assumption and indeed, genetic divergence among plants growing on separate continents is often minimal, even though some geographically correlated genetic structure is the rule rather than the exception (e.g., Kyrkjeeide, Hassel, Flatberg, Shaw, Brochmann, et al., 2016; Kyrkjeeide, Hassel, Flatberg, Shaw, Yousefi, et al., 2016; Shaw et al., 2014; Shaw, Shaw, Johnson, Devos, & Carter, 2015; Stenøien, Shaw, Shaw, Hassel, & Gunnarsson, 2011; Szö-vényi, Terracciano, Ricca, Giordano, & Shaw, 2008) . A few species with exceptionally broad ranges, especially those attributed to multiple regions distinguished in our biogeographic analyses (Northern, Tropical, Southern; see below) were represented by more than one sample in case the current taxonomy does not adequately reflect morphological convergence among distantly related plants. These included three samples named S. lescurii Sull., one from North America, one from Belize, and one from Colombia, two samples of S. magellanicum Brid., one from North America and one from Chile, two of S. microporum, one from Japan and one from China (the former allodiploid and the latter haploid; Shaw et al., 2013) , three of S. palustre L., one from North America, one from Brazil, and one from Bhutan, two S. recurvum P. Beauv., one from North America (haploid) and one from Bolivia (allodiploid), and multiple samples named S. subsecundum, from Europe, North America, and South America. Most other species were represented by a single collection each. Seven specimens without specific epithets were coded as Sphagnum sp.
| Distributional data
Although the phylogenetic analyses were based on relationships among individual representative specimens, biogeographic analyses were based on species ranges. For each species represented in the molecular data set, the global range of that species was scored according to literature reports and examination of herbarium collections (primarily by AJS; see Supporting Information Table S1 ). Species were coded as present or absent in each of three geographic (latitudinal) zones: Northern Hemisphere (north of 30°N; hereafter "Northern"), Tropical (30°N-30°S; "Tropical"), and Southern Hemisphere (south of 30°S; "Southern"). Where appropriate, widespread species were coded as present in more than one region.
The three regions were defined latitudinally but correspond in general to ecological zones. Nevertheless, there is much ecological heterogeneity within latitudinal zones; for example, Tropical species include those in both lowland and high elevation habitats, such as in Amazonia and the Andes, respectively. Northern species include those distributed primarily in the Arctic and others primarily in warm-temperate regions. Our primary goal was to test hypotheses about geographic ranges rather than ecological distributions. Some subjective taxonomic judgments by the current authors had to be made with regard to species delimitation. In general, narrow species delimitations were adopted where at least certain authors defended such; for example, we treated S. andersonianum Andrus, S. brevifolium (Lindb.) J. Röll, and S. henryense Warnst. as distinct species following McQueen and Andrus (2007) even though these were not distinguished in our own previous floristic treatments (Anderson, Shaw, & Shaw, 2009) . Some species described from South America could turn out to be conspecific with plants from other continents, for example, Africa. Such taxonomic uncertainty does not impact our results because they would, in either case, be coded as being restricted to the same latitudinal zone in our analyses.
| Genomic sampling and laboratory protocols
DNA was extracted according to protocols described by Shaw, Cox, and Boles (2003) . The gametophyte from which the tissue sample was removed for DNA extraction was placed in a smaller packet and returned to the herbarium specimen as a voucher. Herbarium placement of each voucher can be found in Supporting Information Table S1 .
Four loci from the plastid genome, namely rbcL, rps4, trnG and trnL were sequenced to reconstruct phylogenetic relationships among Sphagnum species. Amplification and sequencing were accomplished according to protocols described by Shaw et al. (2003) . Primer sequences for all loci were provided in Shaw et al. (2015) . Three hundred fifty-nine (out of 819) sequences were newly generated for this study. Other Sphagnopsida sequences were previously published in , . Sequences from 34 of the 36 outgroup moss taxa were published by ; two additional sequences representing Leucoloma serratum and Dicranum scoparium were obtained from GenBank (see Supporting Information Table S1 ).
Sequences were aligned manually using PhyDE-1 (https:// www.phyde.de/). Unique indels, microsatellites, and unalignable regions were excluded from analyses. These were identified by eye and then removed from the alignment using the R packages sequinr (Charif & Lobry, 2007) and ape (Paradis, Claude, & Strimmer, 2004) .
Numbers of nucleotide characters, characters excluded because of alignment uncertainty, constant, and parsimony-informative characters, partitioned by locus and data set, are provided in Supporting Information Table S2 .
| Phylogenetic reconstructions and dating
Phylogenetic analyses were conducted on the full data set with 226 taxa, of which 192 represented Sphagnopsida species, including 187 Sphagnum taxa. Single gene analyses using default settings of RAxML version 8.2.10 on the Cipres Portal (Miller, Pfeiffer, & Schwartz, 2010) were used to search for conflicts (of which there were none) among the four plastid loci. A concatenated data set was used for subsequent analyses. A partitioning scheme and evolutionary models were selected using PartitionFinder2 (Lanfear, Frandsen, Wright, Senfeld, & Calcott, 2016) . The best partitioning scheme as selected by PartitionFinder2 employed three partitions: (a) rbcL, (b) rps4, and trnL (including intronic sequences), and (c) the rps4-trnS spacer and trnG. Each partition was run with GTRGAMMA.
A bootstrap analysis was also conducted in RAxML with 300 replicates using the same parameters as above. Parallel analyses of the same data set were run using MrBayes (Ronquist et al., 2011) and BEAST2 (v.2.4.8; Bouckaert et al., 2014) . The bootstrapping results using RAxML are presented as Supporting Information Fig- ure S1, but subsequent dating and biogeographic analyses utilized the results from BEAST2. No substantial differences in topology (i.e., those with impacts on biogeographic inferences) were observed between the RAxML, MrBayes, and BEAST2 analyses so we present only the BEAST2 results.
Two separate dating analyses using BEAST2 were conducted on the data set described above. To calibrate the age-estimated tree, we utilized five well-characterized fossils from the literature. These (Bakker, Olsen, & Stam, 1995; Huttunen, Hedenäs, Ignatov, Devos, & Vanderpoorten, 2008) , which has been widely used across bryophyte lineages (Villarreal & Renner, 2014) . MCMC chains were run for 100 million generations and parameters were sampled every 10 5 generations. Two independent searches were performed and combined using the LogCombiner R package. Results were inspected using Tracer v.1.7 (Rambaut, Drummond, Xie, Baele, & Suchard, 2018) to confirm stationarity and acceptable mixing of sampled parameters (ESS > 200). A burn-in of 10% was deemed appropriate for both analyses and removed from the posterior distribution of trees.
Results from prior analyses of data sets generated using Sanger sequencing typically yield incongruent or ambiguous results among the Sphagnum subgenera (Shaw et al., 2003; .
However, in a recent study, we obtained a strongly supported topology for deep branching patterns within the Sphagnum phylogeny based on nearly whole organellar (plastid, mitochondrial) genome sequences . Accordingly, our biogeographic analyses (described below) were based on a set of 1,000 trees constrained to the deep relationships previously documented among major Sphagnum clades.
| Biogeographic analyses
Prior to running the biogeographic analyses, the extended Bryopsida outgroups were pruned from the trees so that only taxa from the Sphagnopsida (Sphagnum and its close relatives Ambuchanania, Eosphagnum, and Flatburgium) were analyzed. To estimate geographic range evolution within Sphagnum, we employed a likelihood analysis implemented in the R package BioGeoBEARS (Matzke, 2013 (Matzke, , 2014 .
We used the DEC (dispersal-extinction-cladogenesis) model utilized by LaGrange (Ree & Smith, 2008 ) and a likelihood implementation of DIVA (Ronquist, 1997) referred to as DIVA-like. In addition to these models, BioGeoBEARS estimates likelihood with the addition of a free parameter (j) that was unavailable in DIVA and LaGrange. In a cladogenesis event, the j parameter is the rate of founder-event speciation in which one daughter species occupies a range unoccupied by either the ancestor or the other daughter. A comparison among models (in this case DEC, DEC+J, DIVA-LIKE, DIVA-LIKE +J) was executed in BioGeoBEARS using AIC to determine the best fit model for each of the 1,000 trees in the data set. We found that the DEC+J model appeared to be optimal; however, this model has been criticized on conceptual grounds, and in the use of AIC to compare its fit to other models was also questioned (Ree & Sanmartin, 2018) .
For these reasons, we present biogeographic inferences using the DEC model in BioGeoBEARS, although we note the minor differences in results from analyses using DEC+J (see below). For input into the BioGeoBEARS analyses, Sphagnum species were coded as present or absent in the three latitudinal zones as described above.
Our RAxML bootstrap analyses indicated very low support for a large proportion of the branches within the Sphagnum phylogeny, especially those near the tips (see Supporting Information Figure S1 ).
To account for this phylogenetic uncertainty, we ran the BioGeo-BEARS analyses described above on 1,000 trees randomly selected from the post burn-in distribution of trees from the BEAST analysis.
We then summarized across the ancestral range estimations for the 1,000 tree set.
For each tree in the data set, the most probable ancestral range was stored for each node. These were used to compute the frequency of different classes of range shifts from ancestors to descendants across each tree (e.g., a northern descendant derived from a northern ancestor vs. a northern and Tropical descendant derived from a northern ancestor). The estimated ancestral ranges were also used to provide confidence estimates for each of the backbone nodes within Sphagnum. The backbone nodes investigated were the most recent common ancestors of each of the six subgenera and
each of the deeper nodes defining relationships among the subgenera. The most probable range was estimated for each of the backbone nodes across all 1,000 trees to determine which nodes had consistent range estimates among trees and which nodes had range estimates that varied from tree to tree (phylogenetic uncertainty).
| Phylogenetic diversity
We sought to determine if the Northern region contains more phylogenetic diversity than the Tropical and Southern Hemisphere regions, as expected if early diversification of the genus was in the north and Northern taxa are older. Phylogenetic diversity (PD; Faith, 1992) was estimated separately for each subgenus, by region, as the total length of the minimum spanning subtree connecting all accessions representing that region. Estimates were scaled to account for differing sample sizes among subgenera and regions by dividing PD estimates by accession numbers. For each subgenus, Tropical/Southern Hemisphere PD was subtracted from the Northern PD to obtain the difference in estimated diversity. To assess significance of any such differences, the presence/absence matrix of occurrences in the three regions was shuffled 1,000 times and the estimates were recalculated to obtain a null distribution. A two-tailed test was used to obtain a p-value based on observed PD differences versus the null distribution. This procedure was done for all of the 1,000 randomly selected trees used in the biogeographic analyses.
| Scoring polyploid species
Polyploid species, those with diploid or triploid gametophytes, occur in multiple clades of Sphagnum. All known polyploids in Sphagnum are thought to be allopolyploids and are recognizable through heterozygosity at microsatellite loci . We genotyped plants at four microsatellite loci to distinguish species with haploid versus allopolyploid gametophytes and classified each sample (species) as haploid, polyploid, or uncertain. Plants were genotyped for the following microsatellite loci: p14, p20, p22, p68, amplified, scored, and numbered as in Shaw et al. (2008) . When no heterozygous loci were observed the species was scored as haploid, plants with two, three or four heterozygous loci were scored as polyploids, and those with one were scored as ambiguous (treated as missing data in downstream analyses). Any sample from which we were unable to score all four microsatellites was also scored as ambiguous.
Previous analyses (e.g., Shaw et al., 2008) utilizing both direct genome size estimates and microsatellite scoring indicate that this approach provides reliable identification of allopolyploids.
We tested whether polyploids are disproportionately found within some clades, some geographic subregions, or within subregions within each clade. Significance tests were performed in R using randomizations to compare the observed numbers of haploid and diploid species in each region and/or clade against a null distribution.
In each of 1,000 randomizations, the ploidy levels for each species were randomized while holding the geographic range and clade constant. The observed distribution of haploid and diploid species across clades and across biogeographic regions was then compared to the null distribution to calculate two-tailed p-values.
| RESULTS
Species occurring in the three latitudinal zones (Northern, Tropical, Southern) were distributed throughout the Sphagnum phylogeny (Figure 1) . The most recent common ancestor (MRCA) of the whole genus Sphagnum was reconstructed as Northern in 947 of the 1,000 trees, but the average probability of those trees was only 58% (Figure 2 , Supporting Information Figure S2 , Table S3 ). The most ambiguous ancestral areas were for subg. Rigida, which is the sister group to the rest of Sphagnum, and for subg. Sphagnum. For subg. Rigida, 716 trees had Northern+Tropical as the ancestral state (with average probability of 65%) and 284 trees had Northern alone as ancestral (with average probability = 52%; Figure 2 , Supporting Information Figure S2 , Table S3 ). For subg. Sphagnum 852 of the 1,000 trees had
Northern+Southern for the MRCA, with probabilities clustered around 85% (Figure 2 , Supporting Information Figure S2 , Table S3 ).
One hundred and eight trees suggested an ancestral area that included all three latitudinal zones and 40 suggested ancestry in the Northern zone alone. The ancestral area for the rest of the genus, which includes nearly all of the major peat-formers (N2 in Figure 2) was reconstructed as Northern in 996 of the 1,000 trees, with mean probability of 81% (Figure 2 , Supporting Information Figure S2 , Table S3 ). The MRCA for the clade that includes subg. Subsecunda and Cuspidata (N3 in Figure 2 ) was unambiguously Northern, with all trees supporting that ancestral area with an average probability of 98% (Figure 2 , Supporting Information Figure S2 , Table S3 ). Similarly, 840 of 1,000 trees supported a Northern ancestor for the clade including subg. Sphagnum and subg. Acutifolia (node N4, Figure 2, including the "core Acutifolia" plus sect. Squarrosa and S. wulfianum),
with an average probability of 84% (Figure 2 , Supporting Information Figure S2 , Table S3 ). Within those two deep clades, the MRCAs were resolved as Northern for the Cuspidata (all 1,000 trees), Subsecunda (998/1,000 trees), core Acutifolia (1,000/1,000 trees), and Squarrosa (1,000/1,000 trees), and with all such reconstructions having>90% probability (Figure 2 , Supporting Information Figure S2 , Table S3 ). The picture that emerges from the BioGeoBEARS reconstructions is that with the possible exceptions of subg. Rigida and Sphagnum, the crown clades containing all the major peat-formers originated at high latitudes of the Northern Hemisphere.
By far most commonly, geographic range evolution between ancestors and descendants within the Sphagnum phylogeny were within latitudinal zones (Figure 3 ). That is, when an ancestor has a Northern range, the descendant(s) strongly tended to stay in that Northern Zone. to rr e y a n u m 
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S . r e c t a n g u l a n s cian fossil is used to constrain the age of the MRCA for subg. Sphagnum, the MRCA of all mosses is estimated at some 1.2 billion years ago but when used to constrain the age of all Sphagnopsida (the four genera), the MRCA of mosses is estimated at 834 mya (Supporting Information Figures S3 and S4 ). These alternative placements also impact time estimates for the origins of Tropical and Southern taxa from Northern ancestors, although not hugely. In general, those range changes are estimated at ca. 60-175 mya.
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Regardless of absolute timing, the early diversification of Sphagnum occurred within the Northern latitudinal zone (Figure 6 ). Only much more recently, we start to see Northern to Tropical, and withinTropical range changes. Southern ranges are not included here because there were so few. Notwithstanding ambiguity in absolute timing, our results clearly support Northern ranges for early Sphagnum ancestors, which subsequently expanded to lower latitudes.
Taking phylogenetic uncertainty into account, PD estimates strongly support higher diversity in the Northern region for subg.
Acutifolia, Cuspidata, and Subsecunda (Supporting Information   Table S4 ), but not for subg. Sphagnum. None of the 1,000 trees yielded a higher PD estimate for Northern subg. Sphagnum and in fact 143 trees suggested higher diversity outside the Northern zone.
Allopolyploidy occurs throughout the genus Sphagnum and does not appear to be concentrated in any one subgenus or geographic region (Supporting Information Table S5 ). After correction for multiple comparisons, the distribution of polyploids across clades is not significantly different from random, nor is the distribution of polyploids across the three subregions. Tests for nonrandom distributions of polyploids across subregions within each of the subgenera also failed to detect any nonrandom patterns.
| DISCUSSION
Our analyses provide strong corroboration for the hypothesis that the main diversification of extant Sphagnum peat mosses was at northern latitudes, and that tropical and Southern Hemisphere species were derived from northern ancestors. Although ancestral areas for the small subg. Rigida, which is sister to the rest of the genus, and for subg. Sphagnum, are ambiguous, our results are clear with regard to the two major clades within Sphagnum that include subgenera Cuspidata, Subsecunda, Acutifolia, and Sphagnum, and more than 90% of the major peat-forming species in the genus. These groups had northern ancestors and only later spread to and diversified in tropical and Southern Hemisphere regions. The dated phylogeny, however, imprecise in terms of absolute ages, further supports the interpretation that geographic range evolution of most extant Sphagnum diversity occurred within the Northern zone, and that expansion into the tropics began millions of years after the early evolution of the main Sphagnum clades. The subg. Sphagnum may be of particular interest; its reconstructed ancestral area is ambiguous, and PD does not appear to be concentrated in the Northern zone as it is in other subgenera. Our sample size for subg. Sphagnum is small, but we cannot exclude the possibility that this clade originated outside the Northern Hemisphere, and ancestral taxa may have been widespread across multiple latitudinal zones. When we reconstructed the ancestral area for subg. Sphagnum using the DEC+J model, the result was an unambiguous northern ancestry; this is the only significant difference between inferences using the DEC+J versus the DEC model (as presented here). (rbcL, rps4, trnG, and trnL) . N1 = MRCA of the genus Sphagnum; N2 = MRCA to the four major peat-forming subgenera, Acutifolia, Cuspidata, Sphagnum, Subsecunda; N3 = MRCA of the clade including subg. Cuspidata and Subsecunda; N4 = MRCA of the clade including subg. Acutifolia and Sphagnum; MRCA of the clade including subg. Sphagnum and Acutifolia (including the sections Acutifolia ("core Acutifolia"), Squarrosa, and S. wulfianum (sometimes segregated as sect. Polyclada) Nearly 50% of the mosses found in the Antarctic region have bipolar ranges that include the Northern and Southern Hemispheres (Ochyra, Smith, & Bednarek-Ochyra, 2008) . In Polytrichum juniperinum, the intraspecific bipolar disjunction appears to result from repeated long-distance dispersal, and intermediate populations at tropical latitudes in South America seem to be secondarily derived from polar populations rather than having served as stepping stones (Biersma et al., 2017) . These authors documented at least one case of range expansion, within P. juniperinum, from the tropics to the temperate/boreal Holarctic, where the species is now very common and widespread. Bipolar north to south dispersal has been inferred for the moss genera Cinclidium (Piñeiro et al., 2012) and Tetraplodon (Lewis, Rozzi, & Goffinet, 2014) .
Our results indicate uncommon but repeated spread from northern to tropical latitudes within Sphagnum. Range expansions of northern, cold-adapted plants into the tropics are likely limited more by establishment in suitable habitats than by dispersal per se (Baldwin & Wagner, 2010; Carlquist, 1974) . A number of Hawaiian angiosperms appear to be derived from north temperate, boreal, or Arctic ancestors (Ballard & Sytsma, 2000; Lindqvist & Albert, 2002; Wagner, Weller, & Sakai, 2005) . Especially pertinent to the present study, Ballard and Sytsma (2000) showed that Hawaiian violets of boggy habitats were phylogenetically nested within boreal lineages.
Considering the Hawaiian angiosperm flora as a whole, Baldwin and Wagner (2010) and diversified in the Northern Hemisphere, subsequently expanding its range into the Tropics and Southern Hemisphere multiple times (Emadzade & Hörandl, 2011 ).
Sphagnum may have followed similar routes as the genus is diverse in both high elevation (e.g., the Andes) and low elevations at tropical latitudes. This hypothesis could be tested with increased molecular sampling to resolve with greater precision relationships among derived tropical latitude species. In particular, dating analyses to better resolve the time frame of Sphagnum diversification are sorely needed. Our sequence data from four plastid loci are far too limited to obtain a reliable chronology for a data set with hundreds of taxa. There are now two extremely different hypotheses for the time frame of Sphagnum diversification. Our earlier analysis was calibrated using a crudely estimated divergence time for mosses versus liverworts, in combination with a general substitution rate for plastid genes, and we inferred that the This alone moves the origin of Sphagnospida, and indeed all mosses, deeper into earth history than accounted for by previous studies such as that by Laenen et al. (2014) . We reran our timetree analyses without the Ordovician fossil to assess the extent to which our chronological inferences were impacted by that single fossil calibration and found that divergence times were still much older than in our previous ) study (results not shown).
With or without that fossil, our current time estimates would seem to be more reliable than those in our previous study, but it is well known that divergence time estimates are strongly data-dependent, including model specifications. We are currently constructing expanded data sets using whole plastid genome sequences from a diversity of embryophyte plants to better resolve this issue, and it is premature at this time to speculate extensively about the geological/ (Graham, 2011; Herman & Spicer, 2010 Much of the nitrogen budget for northern Sphagna derives from associated nitrogen-fixing bacteria (Berg, Danielsson, & Svensson, 2013) This raises the possibility of linking Sphagnum range evolution and microbial coadaptation. Plant-microbiome interactions in turn influence ecosystem-level C and N cycling (Lindo, Nilsson, & Gundale, 2013) . There is a growing body of literature on Sphagnum-associated microbes in northern ecosystems (Kostka et al., 2016) , but still almost nothing with regard to tropical Sphagna. Interestingly, a few exceptionally widespread species themselves occupy habitats from subarctic to tropical and/or high latitude Southern Hemisphere, making it possible to assess whether intraspecific adaptations are the same as those related to interspecific range expansions at the generic level.
Sphagnum has been developing as a model for research in ecological genomics, empowered by its ecological significance and newly available genomic resources (Shaw, Schmutz, et al., 2016; Weston et al., 2015 Weston et al., , 2017 . 
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